We report the case of a 48-year-old man with thyroid storm associated with fulminant hepatitis and elevated levels of soluble interleukin-2 receptor (sIL-2R). Fatigue, low-grade fever, shortness of breath, and weight loss developed over several months. The patient was admitted to the hospital because of tachycardia-induced heart failure and liver dysfunction. Graves' disease with heart failure was diagnosed. He was treated with methimazole, inorganic iodide, and a β-blocker. On the day after admission, he became unconscious with a high fever and was transferred totheintensivecareunit.Cardiogenicshockwithatrialflutterwastreatedwithintra-aorticballoonpumpingand cardioversion. Hyperthyroidism decreased over 10 days, but hepatic failure developed. He was diagnosed with thyroid stormaccompaniedbyfulminanthepatitis.LaboratoryinvestigationsrevealedelevatedlevelsofsIL-2R(9770 U/mL). Thefulminanthepatitiswasrefractorytoplasmaexchangeandplasmafiltrationwithdialysis,andnodonorsforliver transplantation were available. He died of hemoperitoneum and gastrointestinal hemorrhage due to fulminant hepatitis 62 days after admission. Elevated circulating levels of sIL-2R might be a marker of poor prognosis in thyroid storm with fulminant hepatitis.
Summary
We report the case of a 48-year-old man with thyroid storm associated with fulminant hepatitis and elevated levels of soluble interleukin-2 receptor (sIL-2R). Fatigue, low-grade fever, shortness of breath, and weight loss developed over several months. The patient was admitted to the hospital because of tachycardia-induced heart failure and liver dysfunction. Graves' disease with heart failure was diagnosed. He was treated with methimazole, inorganic iodide, and a β-blocker. On the day after admission, he became unconscious with a high fever and was transferred totheintensivecareunit.Cardiogenicshockwithatrialflutterwastreatedwithintra-aorticballoonpumpingand cardioversion. Hyperthyroidism decreased over 10 days, but hepatic failure developed. He was diagnosed with thyroid stormaccompaniedbyfulminanthepatitis.LaboratoryinvestigationsrevealedelevatedlevelsofsIL-2R(9770 U/mL). Thefulminanthepatitiswasrefractorytoplasmaexchangeandplasmafiltrationwithdialysis,andnodonorsforliver transplantation were available. He died of hemoperitoneum and gastrointestinal hemorrhage due to fulminant hepatitis 62 days after admission. Elevated circulating levels of sIL-2R might be a marker of poor prognosis in thyroid storm with fulminant hepatitis.
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Learning points:
• The prognosis of thyroid storm when fulminant hepatitis occurs is poor.
• Liver transplantation is the preferred treatment for fulminant hepatitis induced by thyroid storm refractory to plasma exchange.
• Elevated levels of soluble interleukin-2 receptor might be a marker of poor prognosis in patients with thyroid storm.
Background
Thyroid storm is a rare, life-threatening complication of Graves' disease (1) . Liver dysfunction in thyroid storm is induced by hepatic ischemia, dysfunction of hepatic metabolism, direct injury from thyrotoxicity, and antithyroid drugs (2) . Fulminant hepatitis with thyroid storm causes multiple organ failure and is associated with poor prognosis.
Interleukin-2 (IL-2) is a cytokine produced by CD4positive T cells. IL-2 binds to IL-2 receptor expressed on the cell surface, thereby activating T cells, B cells, natural killer cells, monocytes, and macrophages (3). Activated lymphocytes produce and release IL-2 receptor from the cell surface, which can be measured as soluble interleukin-2 receptor (sIL-2R). Multiple organ failure develops as a result of cytokine storm in some patients; circulating levels of sIL-2R are increased. Here, we report a case of thyroid storm with elevated levels of sIL-2R. The patient could not be rescued with plasma exchange for fulminant hepatitis.
Case presentation
A 48-year-old man had fatigue for 3 months. One month before admission, he developed a low-grade fever, shortness of breath, and weight loss. He was admitted to the hospital because of tachycardia, liver dysfunction, hyperthyroidism, and cardiomegaly on chest x-ray. He had been prescribed antihypertensives for years. He had no history of heavy drinking, blood transfusion, or drug abuse. Blood tests revealed Graves' disease. Methimazole, inorganic iodide, hydrocortisone, and a β-blocker were started. On the day after admission, he became unconscious with a high fever and was transferred to the intensive care unit after tracheal intubation.
Investigation
On examination, height was 164 cm and weight was 59 kg. Temperature was 37.8°C, blood pressure was 77/56 mmHg, and heart rate was 141 beats per minute. The Glasgow Coma Scale score was E1VTM1 (sedated, T indicates endotracheal intubation). He had diffuse goiter without ophthalmopathy, abnormal sweating, distended jugular veins, and bilateral pretibial pitting edema. Blood tests showed extremely high levels of aspartate transaminase and alanine aminotransferase (1458 and 555 U/L, respectively), renal failure, hypoglycemia, coagulopathy, and hyperammonemia (Table 1) . Arterial blood analysis revealed hypoxia and metabolic acidosis. Chest radiography demonstrated cardiomegaly and decreased pulmonary permeability in the right lung field ( Fig. 1A) . Electrocardiography showed atrial flutter. Echocardiography revealed a visual ejection fraction of 20% with diffuse hypokinesis. Computed tomography (CT) demonstrated an enlarged thyroid gland ( Fig. 1B) , but there were no abnormal lesions in the liver (Fig. 1C) or the brain. The patient was diagnosed with thyroid storm based on criteria from the Japan Thyroid Association and Burch-Wartofsky Point Scale (100 points).
Treatment
Cardiac arrest occurred 3 h after admission to the intensive care unit. Chest compressions and initiation of intraaortic balloon pumping were performed for cardiogenic shock. Return of spontaneous circulation was achieved and cardioversion was performed for atrial flutter. Intravenous methimazole (30 mg/day), inorganic iodide (100 mg/day), hydrocortisone (200 mg/day), and landiolol hydrochloride (7.2 γ) normalized thyroid function in 10 days (Fig. 2) . Artificial respiratory management, intravenous glucose administration for hypoglycemia, and plasma exchange (including plasma filtration with dialysis and plasma adsorption) for hepatic failure resulted in the recovery of consciousness (E4V2M6). The patient was extubated on hospital day 10.
Outcome and follow-up
Transaminase levels decreased, but levels of total bilirubin increased and prothrombin time became prolonged (Fig. 2) . The switch from methimazole to propylthiouracil was not effective. CT of the abdomen showed increased 
Discussion
We described a fatal case of thyroid storm complicated by fulminant hepatitis refractory to plasma exchange. Fulminant hepatitis induced by thyroid storm is rare but life threatening. A previous report of thyroid storm with fulminant hepatitis showed four of ten patients died with heart failure and elevated levels of bilirubin (4, 5, 6) . Orthotopic liver transplantation was performed in two of six patients who survived, but not in any patients who died (4, 5, 6) . In thyroid storm, heart failure causes liver dysfunction via hepatic hypoxia. A nationwide survey in Japan found that the most common causes of death in patients with thyroid storm were multiple organ failure and congestive heart failure (7) . In our patient, cardiogenic shock caused multiple organ failure and was the most important factor leading to fulminant hepatitis and death. Hypoglycemia is rarely associated with thyroid storm. Excess levels of thyroid hormone increase levels of counterregulatory hormones and decrease the ability of insulin to bind to its receptor. Hypoglycemia with thyroid storm is caused by malnutrition, adrenal failure, decreased insulin clearance due to renal failure, and insufficient gluconeogenesis due to hepatic failure (8) . Our patient had not eaten for 3 days before admission and developed cardiac and hepatic failure due to hyperthyroidism, which was associated with severe hypoglycemia.
Plasma exchange has been reported to be effective for thyroid storm by reducing levels of thyroid hormones, TSH receptor antibodies, catecholamines, and cytokines (9) . Severe hepatic or renal dysfunction is a poor prognostic marker, suggesting disease refractory to plasma exchange (9) . In our case, plasma exchange, plasma filtration with dialysis, and plasma adsorption normalized thyroid hormone levels, but not liver function.
This patient had abnormally high circulating levels of sIL-2R. Some hematologic malignancies and autoimmune diseases are associated with elevated levels of sIL-2R (3). Plasma levels of thyroxine are correlated with levels of sIL-2R in patients with Graves' disease. Thyroxine directly stimulates T cell activation and proliferation (10) . Elevated sIL-2R has been reported in patients with disseminated intravascular coagulation caused by thyroid storm (11). Our patient had high levels of sIL-2R and free thyroxine as well as multiple organ failure, suggesting that the immune response stimulated by thyroid storm resulted in high levels of sIL-2R. Circulating sIL-2R is not involved in the development of fulminant hepatitis, but the immuneinflammatory response from thyroid storm could induce multiple organ failure and fulminant hepatitis.
We describe a fatal case of thyroid storm with fulminant hepatitis and elevated levels of sIL-2R. Orthotopic liver transplantation is the preferred treatment for fulminant hepatitis due to thyroid storm (4) . Excessively high circulating levels of sIL-2R might be a marker of poor prognosis in thyroid storm with fulminant hepatitis.
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